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The purpose of the research problems section is the presentation of unsolved 
problems in discrete mathematics. Older problems are acceptable if they are not as 
widely known as they deserve. Problems hould be submitted using the format as they 
appear in the journal and sent to 
Professor Brian Alspach 
Department of Mathematics and Statistics 
Simon Fraser University 
Burnaby, B.C. 
Canada V5A 1S6. 
Readers wishing to make comments dealing with technical matters about a prob- 
lem that has appeared should write to the correspondent for that particular problem. 
Comments of a general nature about previous problems hould be sent to Professor 
Alspach. 
Second Krakbw Conference on Graph Theory 
Research problems 1 
We present a list of open problems formulated during the Second Krak6w 
Conference on Graph Theory. 
Problem 262. Posed by Marek Kubale. 
Correspondent: Marek Kubale 
Politechnika Gdafiska 
Katedra Podstaw Informatyki 
ul. Narutowicza 11 
80-952 Gdafisk Poland 
kubale@sunrise.pg.gda.pl. 
What is the complexity of the following problem? 
Given a bipartite graph B having two kinds of edges, which we call l-edges and 
L-edges, we want to color the edges of B so that each 1-edge gets a color, each L-edge 
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gets L consecutive colors L e JV" - {1}, no two edges at a vertex have a color in 
common and the number of colors used is as small as possible. 
Problem 263. Posed by Gregory Gutin. 
Correspondent: Gregory Gutin 
Dept. of Math. and CS 
Odense University 
Campusvej 55 
DK-5230 Odenese Denmark 
gutin@imada.ou.dk. 
A multipartite tournament is an orientation of a complete multipartite graph. 
Question. Is the Hamiltonian cycle problem for multipartite tournaments in P? We 
know that 
1. The Hamiltonian path problem for multipartite tournaments is in P. 
2. The Hamiltonian cycle problems for bipartite tournaments is in P. 
Problem 264. Posed by Yubao Guo and Lutz Volkmann. 
Correspondent: Lutz Volkmann 
Lehrstuhl II fiir Mathematik 
RWTH Aachen 
Templergraben 55 
D-52056 Aachen Germany 
volkm@math2.rwth-aachen.de. 
Conjecture. Let D be an n-partite tournament (n t> 3) with the partite sets 
V1, V2 . . . . .  V, and k = max{ IVi I: i = 1, . . . ,  n}. If the connectivity of D is at least k, 
then D has a Hamiltonian cycle. 
Remark. For k = 1 this is the well-known theorem of Camion from 1959. 
Problems 265-266. Posed by Vu Dinh Hoa. 
Correspondent: Vu Dinh Hoa 
Wundtstr. 7/4L1 
01217 Dresden Germany. 
Problem 265. Let T(G) denote the toughness of G, i.e. 
{~ if G is complete, 
z(G) = max{t , t . to (G  - S) <<. ISI} if og(G - S) ~> 2, 
where o~(G) denotes the component number of G. 
Conjecture. Every graph 
Hamiltonian (connected). 
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G with n-vertices such that z(G) >t 2 -  3/(2n + 1) is 
Problem 266. A nonhamiltonian graph G is called maximal if G becomes 
Hamiltonian by adding any new edge. 
Question. Let G be a maximal nonhamiltonian graph and C a longest cycle in G. Is 
the subgraph induced on V(G) - V(C) complete? 
Problems 267-268. Posed by Jochanan Sch6nheim. 
Correspondent: Jochanan Sch6nheim 
School of Math. Sci. 
Tel Aviv University 
Tel Aviv Israel 
math@taurus.bitnet, math@math.tau.ac.il. 
Problem 267. (a) Is it true that the 2-colored (red-blue) path P3 divides G = 2G2,+ 1, 
where G2,+ 1 is a simple graph with 2n + 1 edges and G is the 2-colored multigraph 
obtained from G2,+ 1 by replacing each edge by a blue and a red edge. (Trivial for G2,.) 
(b) The same question for 2P3 and G2t2,+ 1). Notice that there are two colorings: 
(BR, BR) and (BB, RR). 
H divides G means that there is an H-decomposition of G. 
Problem 268 (Reformulation of a problem of Tarsi). It is known that a 5-decom- 
posable graph D5 is 6-colorable. Is it true that if D5 can be decomposed on 
E(Ds) = E(D1)uE(D2) then D5 is 5-colorable. D1 and D2 are 1- and respectively 
2-degenerate. 
Problem 269. Posed by Aleksandr V. Kostochka. 
Correspondent: Aleksandr V. Kostochka 
Institute of Mathematics 
630090 Novosibirsk-90 Russia 
sasha@math.usk.su. 
A cycle covering of a 2-connected graph G = (V, E) is a collection C = {C1, ... ,  Cr} 
of cycles of G such that Cxw ... WCr = E. Its length l(C) is [Cll + "-' + [C,I. 
Let l(G) denote the minimum possible length of a cycle covering of G and 
P(G) denote the shortest length of a Postman tour in G. Obviously I(G) >1 P(G) and 
P(G) <~ IEI + I VI - 1. Call a cycle covering of G good if each e ~ E is covered by at 
most two cycles. 
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Conjecture. Each 2-connected graph G has a good covering C with l(C) <~ IE] + 
I v I -  1. 
This conjecture implies the following well known: 
1. Conjecture (Itai and Rodeh). For all 2-connected graphs G 
I(G) <~ IE[ + I VI - 1. 
2. Cycle Double Cover Conjecture (Seymour). Every 2-connected graph G has 
a good cycle covering, which remains improved. However sometimes it happens that 
stronger statements are easier to prove. 
Problem 270. Posed by Zdzislaw Skupiefi. 
Correspondent: Zdzislaw Skupiefi 
Institute of Mathematics AGH 
al. Mickiewicza 30 
30-059 Krak6w, Poland. 
Characterize P3-decomposable multigraphs M of even size e(M) (and/or p-multi- 
graphs, e.g., with p = 2), p being an integer upper bound on the multiplicity of edges, 
P3 being a path on three vertices. 
Comments. (1) A simple graph G is known to be Pa-decomposable iff each compo- 
nent of G has even size, see [4, 2]. 
(2) Infinitely many P3-indecomposable connected 2-multigraphs of even sizes 
exist. The simplest of them are some 'pendants' and 'necklaces'. Such a pendent 
comprises an odd size box (or a connected 2-multigraph of odd size, e.g., the 
box is an edge) and an attached hanging chain (obtained from a path of even 
length ~> 2) which consists of two or three segments: an edge of attachment, an 
edge-disjoint union of two paths of odd length each on same vertices, and a simple 
path of even length ( i> 0). Similarly, such a necklace comprises an odd size box, an 
odd length path P which connects two vertices of the box, and doubling edges which 
transform P into a chain P consisting of five segments of odd length each: two 
end-edges each of which is separated from the innermost path by a segment all of 
whose edges are doubled. 
(3) A multigraph M is 2K2-decomposable iff its size e(M) is even and 
t~l (M) <~ e(M)/2, o3~ (M) being the cluster number of M; namely, 
o91 (M) = max {A (M), max e((K3))}. 
K~ c M 
This generalizes the following result due to Caro [1], cf. [3]. A simple graph G is 
P3-decomposable iff e(G) is even, A(G) <~ e(G)/2, and G ~ K2 u K3. 
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